Abstract: Hoarding by urban kestrels and its subsequent exploitation significantly increases the frequency and regularity of feeding during the early stage of the nestling period. Twelve kestrels' nests situated in various part of the city were chosen to test whether hoarding could affect the chicks' condition. Four nests (with 22 nestlings) were provided with food -one dead mouse per chick per day (F group) and 8 (43 nestlings) were used as a control group (NF). Nestlings were weighed daily, and the length of their tarsus was also measured when the oldest chick in the nest was 11 days old. 50% of the NF nests experienced a decrease in the number of nestlings but no nestlings were lost in any of the F nests. However, no significant differences were found between the groups either in body mass or tarsus length. A possible reason was the behaviour of the adults which could be interpreted as the regulation of the frequency of prey delivery depending on its presence or absence in the nest.
Introduction
Among kestrels Falco tinnunculus (L., 1758) inhabiting the open landscape, hunting birds and incubating females often cache (hide) whole or partly eaten prey -in most cases on the ground (e.g., Leaver, 1951; Clegg, 1971; Parker, 1977; Village, 1998) . One obvious function of caching is to store prey that has been caught more frequently than is needed to satisfy hunger. Due to caching, kestrels may continue to hunt during times of increased food availability as well as ensuring that food is available for an evening meal (most obviously in winter) (Village, 1990) . Urban kestrels in C Europe hunt mainly in the outskirts of towns and thus voles comprise the bulk of their prey. Prey may be caught up to several kilometres from the nest (e.g., Pikula et al., 1984; Romanowski, 1996; Riegert & Fuchs, 2004) . Sometimes it may be hard to deliver enough prey for the chicks, especially when long-distance flights are difficult to manage. Such a phenomenon was observed in the lesser kestrel Falco naumanni (Fleisch, 1818) in Spain, where the urban population had a higher ratio of chick deaths caused by starvation in comparison with rural sites (Tella et al., 1996) . Adequate food delivery is crucial during the nestling period to ensure the development of the young. Rejt et al. (2000) found that the feeding frequency of urban kestrels during the first two weeks of the chicks' lives outnumbered prey deliveries. They stated that larder-hoarding (i.e. the concentration of food in one location) by urban kestrels and its subsequent exploitation could significantly increase the frequency and regularity of feeding during the early stage of the nestling period. They also speculated that it might become a strong factor influencing the chicks' survival.
Despite the seemingly obvious survival value of food storing, few studies exist that have attempted to experimentally test the influence of food storing on various components of fitness (Källander & Smith, 1990; Valera et al., 2001; Hoi et al., 2004) while some of these studies' results were unclear (e.g., Dewey & Kennedy, 2001) . The most recent study carried out on rural kestrels was undertaken by Massemin et al. (2002) who found no significant effect of supplementary feeding on chicks body mass.
The aim of this study was to investigate whether extra food in kestrels' nests affects chicks' growth during the early nestling phase, at which time caches have been reported to be the largest due to lower demand (Källander & Smith, 1990) . This experiment should provide an answer to the question of whether urban kestrels' breeding biology could be significantly affected by hoarding behaviour. Key: F -nests supplemented with food; NFnl -control group without chicks loses; NFl -nests from control group where at least one chick died during the experiment; n -number of chicks measured, a n = 7.
Material and methods
ious parts of the city were used in the experiment. Four of the nests were supplemented with food (F) and 8 were used as controls (NF). In the first group, there were on average (mean ± SD) 5.5 ± 1.3 chicks per nest (4, 5, 6 and 7), in the second -an average of 5.4 ± 1.1 (2 × 4, 2 × 5, 3 × 6 and 7). Differences in the average chicks' number were not significant (Mann-Whitney U-test, Z = 0.17, P = 0.86). The nests were chosen randomly, but both the fed and unfed groups were located in comparable urbanised environments and were also close to each other. All nests from the F group and most from the NF group were visited every day between 8:00 a.m. and 12:00 p.m. This is the main reason for the lower number of nestlings included in the statistical analysis. Chicks were weighed daily to the nearest 1 g starting from the day after the first one hatching. When the oldest chick in a nest was 11 days old, the tarsus length of each nestling was measured to the nearest 0.1 mm. Dead dark-coloured mice -one per chick per day -were provided to the F nests. The average weight of the mouse (mean ± SD) was 22.3 ± 6.2 g. This corresponds to approximately half of the daily food requirement of kestrel nestlings (MASMAN et al., 1989) . Food provisioning started the day after the first chick hatched. Both intact and partly eaten mice from previous feedings were removed every day, as were the remains of prey from NF nests. Two F nests were continuously monitored by video cameras to follow the fate of the supplemental food.
The experiment was terminated on the 11 th day after the first chick's hatching to avoid inducing premature departure from the nest. Statistics were carried out using STATISTICA 4.0. software.
Results
In four nests from the NF group, the number of chicks changed during the experiment due to nestling mortality. Thus, the average number of chicks in the NF group decreased to 4.9 ± 1.5 (n = 8). However, differences in the number of chicks between the F and NF were still non-significant (Mann-Whitney U -test, Z = 0.69, P = 0.5).
Differences in the mean body mass of chicks (± SD) from F (125.0 ± 21.6 g) and NF groups (115.0 ± 29.6 g; all nests -with and without chicks' losses) at day 11 were non-significant (Mann-Whitney U -test, Z = 0.85, n 1 = 22, n 2 = 26, P = 0.4). The measurement of daily differences in mean body mass showed that chicks from group F were always slightly heavier, but these differences were also not significant (Fig. 1 ). Comparisons were also made between nests where chick losses occurred with those where the number of chicks was unchanged (Tab. 1): F (n = 4 nests, there were no F nests with chick losses), NF without losses (NFnl, n = 4), NF with chick losses (NFl, n = 4). These showed that body mass on the 11 th day of the chicks' lives was not significantly different (Kruskal-Wallis ANOVA, H (2,n=48) = 2.65, P = 0.26). Differences in the mean body mass of F and NFnl chicks at day 11 were not significant (Mann-Whitney U -test, Z = 0.08, n 1 = 22, n 2 = 18, P = 0.93, Tab. 1). Differences between F and NFl were also non-significant, but suggested a tendency toward being lighter in the NFl (MannWhithey U -test, Z = 1.74, n 1 = 22, n 2 = 8, P = 0.082, Tab. 1).
Slight but non-significant differences between F and NFnl were also found in tarsus length (MannWhitney U -test, Z = 0.72, n 1 = 22, n 2 = 18, P = 0.47, Tab. 1).
Among the oldest, i.e. 11-day-old chicks, those from NFnl nests were slightly heavier in comparison to the F group, but the difference was not significant (Mann-Whitney U -test, Z = 1.47, n 1 = 12, n 2 = 8, P = 0.14, Tab. 1). When comparing NFl and NFnl, the mean body mass of the oldest chicks was slightly lower (Mann-Whitney U -test, Z = 2.04, n 1 = 8, n 2 = 3, P = 0.04, Tab. 1). The tarsus length in F and NF was Key: F -nests supplemented with food; NF -control group; b -nests with 5 or more nestlings; s -nests with less than 5 nestlings; n -number of nestlings measured; s a -nests where at least one chick died during the study.
similar (Mann-Whitney U -test, Z = 0.098, n 1 = 12, n 2 = 10, P = 0.92). All nests in the study were also divided into four groups by brood size: fed with ≥ 5 chicks (Fb, n = 3 nests), fed with < 5 chicks (Fs, n = 1), not fed with ≥ 5 chicks (NFb, n = 4) and not fed with < 5 chicks (NFs, n = 1). The body mass of chicks from all groups at day 11 was compared (Tab. 2). There were no differences between the two F-groups. The mean body mass in NFb was higher than in NFs. However, differences between all the groups were non-significant (Kruskal-Wallis ANOVA, H (3,n=48) = 0.55, P = 0.76). Similar results were obtained if only nests with an unchanged number of nestlings were compared (KruskalWallis ANOVA, H (3,n=48) = 0.007, P = 0.99).
Discussion
Indirect and some correlative evidence strongly suggests that hoarding food is important for the reproductive success of several species (Källander & Smith, 1990) . It is known that caching increased feeding frequency during the early stage of the nestling period in raptors (Holthuijzen, 1990; Rejt et al., 2000) . Studies of mammals have shown that supplemental food (which could be defined as a special case of food caching) resulted in higher individual growth rates and increased survival of juveniles, among others (e.g., Desy & Thompson, 1983) .
In the present experiment, chicks supplemented with food and those not fed differed slightly in body mass, but the differences were not statistically significant (Tabs 1, 2). Therefore, one cannot state without a doubt that extra food resulted in increased body weight and size of kestrel nestlings. However small differences observed on the 11 th day of life of the nestlings may indicate a trend in this direction. This is also supported by the interim results. Over the 11 days, body mass of the chicks from the F group was greater than those from the NF group. The opposite situation was not observed (Fig. 1) . The body mass of F nestlings was somewhat greater than NF only when analysing the nestlings' total weight taken together (an average of 125 g vs. 118.3 g for nests with an unchanged number of nestlings). The opposite situation was observed when only the weight of the oldest, 11-day old nestlings was compared (in nests with no losses in nestling number) (an average of 137.2 g vs. 142.3 g). This data may suggest that younger nestlings were able to compete more effectively for food with their older siblings in F nests -they grew faster and had greater body mass than younger nestlings from the NF group. This trend is also supported by the results of measurements of the tarsus (Tab. 1). No difference was seen in tarsus length between 11-day old chicks from groups F and NF (on average 40.7 mm vs. 40.3-40.8 mm). However, measurements taken from all chicks in the nest show those from group F with slightly longer tarsi (on average 38.8 mm vs. 37.6-36.6 mm). Hatching asynchrony in altricial birds leads to a size hierarchy of nestlings within a brood resulting in a competitive disadvantage for the youngest chicks compared to older siblings, which in turn can lead to slower growth and higher mortality in the former (e.g., Ricklefs, 1982) . Theoretically then, having food stores (imitated in this experiment by the provision of extra food) could result in more even growth among all the nestlings in a clutch, resulting in greater body mass and size of the younger nestlings and, above all, a reduction in nestling loss. No nestlings were lost in any of the F nests, but 50% of the NF nests experienced a decrease in the number of nestlings during the 10-day duration of the experiment (average loss of 1 nestling, from 5.4 nestlings/nest to 4.9).
It was expected that the frequency of feedings of group F would be greater than that of group NF) and this would result in a greater and more regular provision of food to nestlings in group F (Rejt et al., 2000) . Due to the ongoing monitoring of two of the F nests, certain behaviours of the adults were observed which could be interpreted as the regulation of the frequency of prey delivery depending on its presence or absence in the nest. The female (and sometimes the male) removed some or all of the mice from the nest right after they had been placed there by the researcher. In subsequent hours, the male, and also the female, brought them back to the nest. Simply stated, when additional prey was present in the nest, the female did not harass the male to hunt (see also Estes & Mannan, 2003) . The male, left alone by the female, did not hunt (or he was hunting, but the female did not take the prey from him to feed to the young). For a certain period of time, the mice provided during the experiment were the main source of food for group F young and they were fed prey caught by the adults themselves only after the store was exhausted. This is why the average frequency of feeding before providing the mice (0.73 ± 0.12 feedings/h) L. Rejt and after providing the mice (0.87 ± 0.14/h) did not differ significantly (Mann-Whitney U -test, Z = 1.5, n 1 = 7, n 2 = 6, P = 0.13). A similar phenomenon was observed by Meijer et al. (1988) during a pre-laying supplemental feeding experiment.
In studies done to date on birds, the availability of additional food affects several aspects of breeding biology (Dijkstra et al., 1982; Meijer et al., 1988; Boutin, 1990; Meijer & Hall, 1990; Wiebe & Bortolotti, 1995; Gehlbach & Roberts, 1997) . It has been found, however, that the effects of extra food could be minimised or even cancelled out by parents' age, breeding density, food supply or weather (Gehlbach & Roberts, 1997) . The possible influence of these factors was not considered in this study. Nestlings' survival (i.e., level of losses) could be affected by breeding density, the urbanisation gradient, availability of natural food or its composition (e.g., energy content of different prey categories: mammals, birds or reptiles). Also, the parents' age could impact on the survival of chicks in particular nests. Because both the F and NF groups were in the same urbanisation gradient, the eventual influence of breeding density or food availability on the results of the experiment can be ruled out. Therefore, the presence or absence of additional food imitating caching was the exclusive cause of slight differences in body mass and tarsus length. The study lasted only one season, so it was not possible to assess longer term differences in store exploitation between years of different prey availability. Despite this it can be assumed that the presence of supplemental food could affect the survival rate of nestlings, the competitive success of the youngest chicks and the level of hunting activity of the parent birds.
The results obtained in this study suggest that unlike other species of raptors inhabiting the urban environment (e.g., Tella et al., 1996) , kestrels can prevent their chicks from starvation during the early stage of the nestling period. It means that conservation projects undertaken to keep these birds inside cities (by erecting nest boxes, for instance), far from hunting places do not affect negatively urban populations of this species.
